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KEY MESSAGE

Time-lapse microscopy revealed perivitelline threads (PVT) that developed at the two-cell stage and were as-
sociated with fragmentation. No correlation was found between PVT and implantation potential or ploidy. Further
studies are required to clarify the relationship between PVT and fragmentation, and determine the origin, com-
position and function of these structures.

ABSTRACT

Perivitelline threads (PVT) are defined as thin filaments that extend across the perivitelline space connecting the zona pellucida with the oolemma or,
in some cases, blastomere membrane. This is the first report of PVT in human embryos. Time-lapse imagery from 525 blastocysts with either tested
ploidy, known implantation status, or both, were reviewed for the presence of PVT, the cell stage when PVT were first observed, association with frag-
mentation, ploidy or implantation potential; PVT were observed in most embryos (404/525 [77%]). The euploidy rate was similar in embryos with PVT
(61/152 [40%]) and without PVT (17/35 [49%]). Implantation rates were also similar in embryos with PVT (64/259 [25%]) and without PVT (25/90 [28%]).
In the embryos in which PVT were observed, 98% (396/404) developed at the two-cell stage. In most embryos (384/404 [95%]), PVT were observed to
directly pull fragments from the embryo. Fragmentation occurred significantly less frequently in embryos without PVT compared with PVT (81/121 [67%]
versus 388/404 [96%]; P < 0.001). These data suggest an association between PVT and fragmentation. This study is limited in that PVT were not char-
acterized so their nature and origin remain unknown and to be determined in future studies.
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Introduction

Time-lapse technology captures images every 5-15 min throughout
embryo development in culture, allowing for the identification of
morphological features that may not be possible to detect through
the traditional daily observations of embryos in a microscope outside
the incubator. Some of these features have been shown to be asso-
ciated with embryo viability, such as multinucleation (Desai et al.,
2014), reverse cleavage (Desai et al., 2014) and direct cleavage
from one blastomere to three or more blastomeres (Zhan et al.,
2016).

The EmbryoScope™ culture system to culture human IVF-derived
embryos in a clinical practice was used, and perivitelline thread-
like structures were observed. Previously unpublished, perivitelline
threads (PVT) are projections that extend across the perivitelline space
connecting the zona pellucida with the oolemma or blastomere mem-
brane. Anecdotal observations have suggested a possible relationship
between PVT and fragmentation.

Fragmentation has been associated with irregular cell division
(Prados et al., 2012), initiation of apoptosis in neighbouring cells
leading to disruption of blastulation (Sathananthan et al., 1999; Alikani,
2005; Stone et al., 2005; Keltz et al., 2006) and loss of cytoplasmic
volume (Alikani et al., 1999; Hardy et al., 2002; Keltz et al., 2006)
associated with a reduction in implantation potential (Kovacic et al.,
2004). Therefore, fragmentation is an established marker of viabil-
ity used in most IVF laboratories as part of their embryo selection
procedures.

It is proposed that selecting euploid embryos for transfer in-
creases pregnancy rate and decreases abortion rate (Sermon et al.,
2016), suggesting that identification of chromosomal euploidy, by using
preimplantation genetic screening, can be a useful marker of viabil-
ity, in addition to implantation potential. Recent studies have
demonstrated that morphokinetic features observed during routine
clinical culture, are correlated with ploidy (Campbell et al., 2013;
Fragouli et al., 2014; Mumusoglu et al., 2017). Time-lapse technol-
ogy is facilitating the identification and monitoring of morphokinetics,
allowing for the assessment of the impact of these features on im-
plantation potential and ploidy.

As PVT have not been reported, their prevalence and clinical sig-
nificance is unknown.

This preliminary, retrospective observational study aims to de-
termine the following: the incidence of PVT in embryos capable of
blastulating; the cell stage at which PVT are first observed; and
whether a relationship exists between PVT, implantation, ploidy, frag-
mentation, or both.

Materials and methods

Ethics

This study was conducted in a clinic with full compliance with the
Human Fertilisation and Embryology Authority. This observational study
assessed images from embryos from patients who consented to the
use of time-lapse technology and for images and data to be in-
cluded as part of the quality control process to continually improve
embryo selection procedure. According to our clinic’s research policy
ethical approval was not required for this study.

Table 1 - Inclusion and exclusion criteria used to select
embryos for analysis.

Inclusion criteria Exclusion criteria

Blastocysts
Known implantation data,
known ploidy status, or both

Has not had transfer, biopsy, or both
Unknown implantation

If transferred earlier than day 5

If video is inadequate, e.g. poor lighting,
whole embryo not visible

If unable to make accurate assessment
of embryo or perivitelline threads.

Embryo cohorts

This retrospective cohort study took place at a private fertility clinic
(Boston Place Clinic, The Fertility Partnership, London). Embryos were
selected from a database of 6577 embryos cultured between 2013 and
2015 in the EmbryoScope™ incubator (described in Desai et al., 2014).
Only embryos capable of blastulating (n = 525), either with known im-
plantation data (KID) only (n = 338), with KID and known ploidy status
(n = 11) or of known ploidy status only (n = 176), were selected for
this study (Table 1). All embryos meeting the inclusion criteria between
13 September 2013 and 14 November 2013 and between 28 Novem-
ber 2014 and 7 March 2016 were assessed. Videos were analysed from
insemination to day é and included embryos from IVF and intracyto-
plasmic sperm injection (ICSI) cycles from patients aged 23-46 years.
Type of insemination was assessed as a possible confounding factor
using the chi-square test.

A KID-positive embryo is defined as equal or more fetal hearts
being observed at 6 weeks via ultrasound scan as the number of
embryos transferred, whereas KID negative embryos are defined as
transferred embryos not leading to a fetal heart. Ploidy was as-
sessed via Next Generation Sequencing at Reprogenetics UK. Euploid
rate is defined as proportion of euploid embryos over total number
of embryos with detectable amplification.

To avoid bias, the practitioner assessing embryos for PVT was
blinded to ploidy and implantation status. A second operator veri-
fied 50 videos for both the presence of PVT and their association with
fragmentation. High inter-operator agreement was reached on iden-
tification of PVT, association with fragmentation and cell stage
(Table 2).

Table 2 - Kappa agreement analysis between two observers.
Agreement defined as; ‘good agreement’ = Kappa coefficient

0.6-0.8, ‘very good agreement’ = Kappa coefficient 0.8-1.0,
‘perfect agreement’ = Kappa coefficient 1.0.

Parameter n Relative Kappa Agreement
observed coefficient
agreement
Presence of 56 0.96 0.84 Very Good
perivitelline agreement
threads
Association with 48  0.98 0.66 Good agreement
fragmentation
Cell stage 46 1 1 Perfect agreement

10.1016/j.rbmo.2017.08.026
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10 ym

Figure 1 - A series of images illustrating either fans of perivitelline threads (PVT), or independent perivitelline threads within the embryo.
Threads are indicated with a white arrow. The figures correspond to supplementary videos 1a-1n. Figure 1: (a) Perivitelline threads (PVT)
can be observed in the cleavage plane of the first cleavage at 7°o’clock; [b) in the cleavage plane of the first cleavage at 10°0’clock; (c) in the
cleavage plane of the first cleavage at 8’0’clock; (d) in the cleavage plane of the first cleavage at 12'0’clock; () in the cleavage plane of the
first cleavage at 9°o’clock; (f) in the cleavage plane of the first cleavage at 12°0’clock, above both blastomeres; (g) in the cleavage plane of
the first cleavage at 10°0’clock; (h) in the cleavage plane of the first cleavage at 7°0’clock; (i) in the cleavage plane of the first cleavage at
1’0’clock; (j) in the cleavage plane of the second cleavage at 11°0’clock; (k) in the cleavage plane of the third cleavage at 3’o’clock; (L) in the
cleavage plane of the first cleavage at 2°0’clock; (m) in the cleavage plane of the first cleavage at 6’0’clock; (n) and at the one cell stage,
starting at 6'o’clock to 10’clock.

Analysis of PVT projections (TZP). They can occur either as several threads (greater

than or equal to five threads) or a few threads (fewer than five threads
PVT are thin filaments that extend across the perivitelline space con- (Figure 1 and Supplementary videos 1a-1n). All seven focal planes
necting the zona pellucida with the oolemma or blastomere membrane were assessed. Contrast and saturation tools in the Embryoscope™
and can be categorized under the wider umbrella term of trans-zonal software (Vitrolife, Denmark) were used to enhance image quality to

Please cite this article in press as: Ranya Derrick, Cristina Hickman, Oriol Oliana, Thomas Wilkinson, Danielle Gwinnett, Lucy Benham Whyte, Anna Carby, Stuart Lavery,
Perivitelline threads associated with fragments in human cleavage stage embryos observed through time-lapse microscopy, Reproductive BioMedicine Online (2017), doi:
10.1016/j.rbmo.2017.08.026

177
178
179
180
181


https://doi.org/10.1016/j.rbmo.2017.08.026

226

4 REPRODUCTIVE BIOMEDICINE ONLINE HHE (2017) EE-EHN

Table 3 - Proportion of embryos with and without perivitelline

threads displaying each parameter analysed.

Parameter Proportion of Proportion of P-value
analysed embryos with  embryos without

PVT, % (n) PVT, % (n)
Incidence 77 (404/525) 23 (121/525)
Fragmentation 96 (388/404) 67 (81/121) P <0.001
Implantation rate 25 (64/259) 28 (25/90) NS
Euploid rate 40 (61/152) 49 (17/35) NS

NS, non-significant.

improve PVT identification. The cell stage at which PVT were first
seen was recorded, as well as whether the PVT seemed to aid in frag-
mentation (PVT associated with fragmentation was defined as
fragments being located at the same site as the PVT and fragments
moving in conjunction with the PVT). Fragments were defined as
anuclear, cytoplasmic, membrane-bound structures, less than 40 um
(Johansson et al., 2003; Stensen et al., 2015). The degree of frag-
mentation was not analysed in this study.

Videos of the ICSI procedure were checked to assess whether PVT
were already present at the time of injection, and general conclu-
sions are described here without data.

Statistical analysis

Chi-square tests were carried out on all categorical variables to de-
termine whether significant differences could be observed between
treatments. Differences were considered significant if P < 0.05. Sta-
tistical analysis was carried out using Microsoft Excel™ for chi-
square tests and an online calculator for the power analysis (Sample
Size Calculator; http://clincalc.com/stats/samplesize.aspx). The 95%
confidence intervals were calculated for each graph using the fol-
lowing formula: p + /- z* (sqrt)[(p(1-p)/n)] where p was the sample
proportion, n was the sample size and z* was 1.96 for this Cl (Rumsey,
2011).

Results

PVT were found in most (404/525 [77%]) embryos capable of
blastulating. In most of these embryos (396/404 [98%]], PVT were ob-
served at the two-cell stage. In most embryos with PVT (388/404 [95%]),
PVT were observed to be directly involved in fragmentation.

Fragmentation occurred in 67% (81/121) of embryos in which PVT
were not observed. Fragmentation occurred significantly more fre-
quently in embryos in which PVT were observed compared with those
that were not observed (P < 0.001). The implantation rate did not differ
between embryos that had PVT (64/259 [25%]) and those that did not
(25/90 [28%)]). Similarly no significant difference were observed in eu-
ploidy rate between embryos that had PVT (61/152 [40%]) and those
that did not (17/35 [49%]) (Table 3).

In ICSI videos, TZP could be observed at the oocyte stage, span-
ning from the corona cells, across the zona pellucida and attaching
to the oolemma, examples of which are shown in the still images in
Figure 2. Sub-zonal cellular debris were observed, clearly associ-
ated with these structures.

In this embryo cohort, 70% (366/525) were annotated for the fer-
tilization method used. No significant variation was observed between
the proportion of embryos displaying PVT between IVF (79/111 [71%])
and ICSI (190/255 [75%]) methods.

Discussion

This is the first published observation of PVT in human embryos, which
is surprising given its high incidence in embryos: more than three-
quarters of all embryos capable of blastulating had this feature. The
increased use of time-lapse incubation for human embryos, the
improvements in the optic contrast observed with the latest time-
lapse incubators (Embryoscope Plus improvements over previous time-
lapse incubators) and the visualization of all seven focal planes might
have helped facilitate the identification of this structure within the
cleavage stage embryo. It is expected that the true incidence may be
even higher than that observed given the limitation that embryos
could not be rotated within the time-lapse incubator and PVT may have
occurred outside the view of the seven focal planes. Furthermore, iden-
tification of these structures was difficult owing to their transient nature
and varying appearance.

This study was first presented at the Annual meeting for the British
Fertility Societies (Fertility 2017, Edinburgh), and a second indepen-
dent abstract reported on the same feature (Kellam et al., 2017).
Kellam et al. (2017) agreed with our findings in observing PVT in most
embryos, mostly at the two-cell stage and closely associated with
fragmentation. The present study focused on embryos that were
capable of blastulating, and was not designed to identify incidence
of PVT in all embryos; Kellam et al., (2017], however, randomly se-
lected a range of embryos of varying levels of viability and morphology,

Figure 2 - A series of images from an intracytoplasmic sperm injection video showing trans-zonal projections spanning from the corona

cells and across the zona pellucida, indicated by black arrows).

10.1016/j.rbmo.2017.08.026
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and, in agreement with the present, concluded that PVT occurred in
most embryos and were closely associated with fragmentation. Similar
to PVT, fragmentation is also observed in most embryos, and rarely
occurs after genomic activation, which normally occurs around the
four-cell stage in humans (Alikani et al., 2005). Some research also
supports the fact that fragmentation most abundantly occurs at the
first mitotic division (Fujimoto et al., 2011; Van Blerkom et al., 2001).
The frequency, timing of appearance and the physical attachment
between PVT and fragments highlights the association observed
between these two features.

One possibility is that PVT could originate from the corona radiata.
Corona radiata cells have projections that traverse the zona pellu-
cida to communicate with the oolemma before ovulation. Corona
radiata play an important role in providing the oocyte with the nec-
essary resources, and organelles, for development and future viability
(Gilula et al., 1978; Li and Albertini, 2013). At the time of the LH surge,
these projections are withdrawn, thus removing inhibtory cyclic AMP
signals and allowing for occyte maturation to recommence (Allworth
and Albertini, 1993; Barrett and Albertini, 2010; Li and Albertini, 2013).

Although these studies suggest that these projections do not persist
beyond this meiotic reactivation stage, coronal projections through
the zona pellucida observed during ICSI (Figure 2) clearly demon-
strate that remnants of these projections can persist and, therefore,
PVT may represent persistent projections of corona radiata cells. This
is an important observation, as these data suggest that perhaps not
all TZPs are withdrawn at the resumption of meiosis, but that their
persistence has no developmental consequence to implantation po-
tential or ploidy. Furthermore, one could expect that PVT may be
influenced by the fertilization method used; however, our results show
no significant difference between ICSI and IVF procedures and the
presence of PVT. It has been proposed that weaknesses in the oocyte
membrane, the cytoskeleton, or both, can increase the risk of embryo
fragmentation (Fujimoto et al., 2011). Therefore, an alternative pos-
sibility could be that PVT may be associated with fragmentation owing
to their connection with the cellular membrane: as the zygote pulls
away from the zona pellucida during the first cytokinesis of the first
mitotic division, tight adherence between the PVT and the mem-
brane may cause a strain during movement of the cells, causing
fragments to form where there are already some weaknesses. This
would be consistent with our findings that PVT were most often as-
sociated with fragmentation at the first cell division. A third possibility
is that PVT association with fragmentation is incidental, and that frag-
mentation in the cleavage furrow is part of a normal process of the
membrane dynamics of the first cell division, although this would not
explain the significant association between fragmentation and PVT
observed in this study.

Although increased fragmentation has been associated with
reduced implantation potential (Holte et al., 2007; Montag et al., 2013)
and an embryonic response to aneuploidy (Chavez et al., 2012}, no
significant relationship was observed between PVT and implanta-
tion potential or ploidy status, suggesting no significant relationship
between PVT and embryo viability. Chavez et al. (2012) explored the
idea that fragments can contain chromosomal material, and may even
contain micronuclei. Whether this exclusion is a mechanism of an-
euploid rescue is something that needs to be investigated in the future.
As defined by Mattila and Lappalainen (2008, filopodia are thin, actin-
rich plasma-membrane protrusions (Fierro-Gonzalez et al., 2013;
Mattila and Lappalainen, 2008). Studies have shown that transzonal
processes are rich in microtubule and actin components (Li and
Albertini, 2013), whereas filopodia have been found to also contain

myosin, E-cadherin and catenins (Fierro-Gonzélez et al., 2013). Al-
though outside the scope of this study, further structural analysis of
PVT could clarify whether PVT originate from outside the cells or from
within, and would further clarify the function and role of PVT in early
embryonic development.

In the embryos in which hreads were not observed, fragments
were still present, suggesting that, despite the association between
PVT and fragmentation, PVT are not essential for fragmentation to
occur.

Salas-Vidal and Lomeli (2004) described filopodia which extend
through the blastocoelic cavity to connect mural trophectoderm cells
with cells of the inner cell mass. Hardarson et al. (2012) confirmed
these findings in their work. These studies suggested that filopodia
seemed to facilitate signal transmission and communication between
these cell groups. Filopodia have also been found to aid in modify-
ing blastomere shapes to allow for effective compaction; a key event
in blastocyst formation (Fierro-Gonzalez et al., 2013). These studies
only describe intra-embryonic projections within mouse embryos, with
no described association with fragmentation, although fragmenta-
tion in the mouse embryo is extremely rare. In contrast, PVT may
originate from the corona radiata, are located in the perivitelline space,
are observed early in development and seem to have a strong rela-
tionship with fragmentation. Therefore, although, previous literature
has described thread-like structures within the embryo, these struc-
tures seem to have a different function, source, location and appear
at a different stage of development compared with PVT.

Further work is under way to identify the degree and type of frag-
mentation associated with PVT, the number, length, longevity of PVT
and their timing of appearance and positioning in relation to cell di-
vision. These were outside the scope of the present study.

In conclusion, PVT are a feature of embryo development that has
not been previously reported. PVT are present in most human embryos,
mainly found at the two-cell stage. Although they do not seem to in-
fluence implantation or ploidy, they have a strong association with
fragmentation.
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